The action of Irvingia gabonensis seed fractions in reducing or slowing down the intestinal absorption of glucose was evaluated in normoglycaemic rats. The crude seeds (CS), the defatted seeds (DS) and the protein fraction (PF) were administered at dose of 400mg/ kg body weight to normoglycemic rats submitted to oral glucose test (OGTT) with glucose (2g/kg body weight). The results obtained show a significant reduction of the postprandial glucose level after a glucose load of (2g/kg body weight) as well as fasting blood glucose levels with the three fractions.
Introduction
Diabetes mellitus is a chronic metabolic disorder affecting approximately 5% of the world population. Hyperglycaemia is the principal cause of complications and effective blood glucose control is the key to improving the quality of life in patients with diabetes (Defronzo,1992) . Currently available therapy for diabetes include insulin, and various oral anti diabetic drugs are used to achieve better glycemic control, but their use is associated to serious adverse effects (Doi et al. 1979 ). Many traditional plant treatments for diabetes are used throughout the world. Plant drugs (Bailey and Day, 1989) are frequently considered to be less toxic and more free from side effects than synthetic ones. Based on the WHO (1980) recommendations hypoglycemic agents of plant origin used in traditional medicine are important. The attributed antihyperglycemic effects of these plants is due to their ability to restore the function of pancreatic tissues by causing an increase in insulin output or inhibit the intestinal absorption of glucose or to the facilitation of metabolites in insulin dependent processes.
High fiber diet has been shown to work better in controlling diabetes (Sharma et al. 1990; Vuskan et al.2000) , and may control blood glucose levels as well as oral diabetes drugs. Irvingia gabonensis (Aubry -Lecomte ex O'Rouke) Baill, or bush mango is a medium sized tree. It belongs to the family Irvingiaceae (order-Rutales) a small tropical family containing two other genera (Klaiedoxa, Desbordesia) and the genus Irvingia which contains three species all occurring in West and Central Africa. Two varieties of Irvingia gabonensis have been identified based on long phenological and reproductive phenological observations (Okafor 1975 and Ladipo et. al. 1996 ). There is not much difference between the two species except for fruit sweetness and some tree morphological differences. Irvingia gabonensis I. and wombolu. The seeds are used for soup thickening (White and Albernethy, 1996) and the leaves are used in traditionnal medicine in the treatment of dysentery. Kengni (2003) has reported the composition of seeds from Cameroon to be 68.5% fat, 6.1% total carbohydrate, 2.7% ash, 6.2% crude protein, 6.9% soluble fibre, 17.3% insoluble fibre, 0.1% phenolic compounds. We have shown the hypoglycaemic effect of the methanol extract of I gabonensis seeds in rats (Ngondi et al., 2006 ). The present study was designed to evaluate the action of Irvingia gabonensis seeds fractions in reducing or slowing down the intestinal absorption of glucose in normoglycemic rats, and to evaluate their effects on fasting blood glucose levels.
Materials and Methods

Animals
Thirty male albino Wistar rats were maintained on standard laboratory diet and tap water ad libitum at the Animal house of the Department of Biochemistry, Faculty of Science, University of Yaonde I, Cameroon. Prior to the experiment, the animals were subjected to fasting for 12 h but allowed free access to water. The experimental protocol was approved by the Animal Studies Committees of University of yaounde I
Collection and preparation of plant material
Fruits of Irvingia gabonensis were collected in the month of august 2001 in a village around Ebolowa, in the South province of Cameroon. Botanical identification was performed at the National Herbarium, Yaounde, Cameroon in comparison with the voucher specimen n°314522/HNC. The seeds were removed and carefully washed with water and dried in an oven (50°C) for 3 days.
The crude seeds (CS)
Two-hundred grams of dried seeds were ground and stored in well closed container.
The defatted seeds (DFS)
Eight -hundred grams of dried seeds were extracted with hexane in a Soxlet apparatus for 2 days. The seeds were then dried at room temperature fo 5 days and ground into powder. The resulting material yielded 308 g (38.50 % w/w).
The non purified protein fraction (PF)
Two-hundred grams of ground defatted seeds underwent another extraction with ethanol (95%) in soxlet apparatus for three days. The residue obtained was dried at room temperature for 5 days. The resulting material yielded 96 g (48 % w/w)
Aqueous solution of Irvingia gabonensis fraction administration
The seeds fractions were suspended in distilled water and administered orally through intragastric tube at the dose of 400mg/kg body weight.
Oral Glucose Tolerance Test
An oral glucose tolerance test (OGTT) was performed on normal rats (230-250g body weight) deprived of food for 16 h before and during the experiment with free access to water. The differents seed fractions were administered orally at dose of (400mg/kg body weight) to three groups of 8 rats each, 30 min before oral administration of glucose (2g/kg body weight). Two groups of 8 rats each served as controls. Animals in positive controls group received distilled water (4 ml/kg), 30 min before oral administration of glucose (2g/kg body weight) while those in negative control group received 4ml/kg of distilled water twice. Blood samples were taken before administration of the test material and glucose (baseline) and 1h, 1.5h, 2h and 2.5h thereafter.
Effects of Irvingia gabonensis seeds fraction on fasting blood glucose.
Forty five rats weighing approximately 130g ±2.5g were fed on standard diet and divided into five groups of nine rats each. Rats in groups ( I, II, III and IV) received oral administration of shea butter oil (Vitellaria paradoxa Gaertn. syn. Butyrospermum paradoxum ) at dose of 4ml/kg b.w for five weeks. Another group of nine rats (IV) received oral administration of distilled water (4ml/kg b.w) at the same time. The standard diet which was non-purified diet supplied 67% of total energy as carbohydrate, 25% as protein and 8% as fat. It consisted of fish meal, cornmeal, wheat bran, groundnut cake, and vitamin-mineral mixture and contains ~10 % (wt/wt) dietary fiber. The same diet was used through the whole experiment. After five weeks of treatment, blood glucose concentrations were measured and animals in groups I, II, III an IV with higher blood glucose levels were treated as follows. Group I: (positive control): Shea butter oil (4ml/kg b.w) and distilled water (4ml/kg b.w), GroupII: Shea butter oil (4ml/kg b.w) and (400mg/kg b.w) of crude seeds solution. GroupIII: Shea butter oil (4ml/kg body weight) and (400mg/kg b.w) of defatted seeds solution. Group IV : Shea butter oil (4ml/kg body weight) and (400mg/kg b.w) of protein fraction solution. Animals in group V continued receiving distilled water (8ml/kg b.w) and was used as negative controls The test materials were administered daily using an intragastric tube for 21 days . Blood samples were taken before administration of the test material ( day 0) and at end of the experiment (21 days).
Collection of blood and measurement of blood glucose
Blood samples for glucose determination were obtained from the tips of tails of the rats. 0.5ml of blood was dropped on the reagent pad of the one touch strip (Life Scan Inc. Milpitas, California, USA). The strip was inserted into a One-Touch brand meter and the reading noted (WHO, 1980 ).
Statistical analysis.
All values are expressed as mean blood glucose levels ± SEM (standard error of mean). Data were analyzed by one-way ANOVA, and then differences among means were analyzed using the Fisher's protected LSD test. Differences were considered significant at P < 0.05.
Results
Hypoglycaemic effect on oral glucose tolerance test
In control group, glucose loading led to a rapid increase of blood glucose after 1h whereas the blood glucose response was considerably flattened with the administration of the crude seeds solution (p<0.0001; p<0.02), the defatted seeds solution (p<0.0001; p<0.05), and the protein fraction (p<0.0001; p<0.01) at 1h and 2.5h respectively (Table 1) ..
Effect on fasting blood glucose concentrations and body weight after 21 days of treatment
As shown in Table 2 , rats receiving oral administration of shea butter oil had significantly higher fasting blood glucose concentrations than negative controls on day 0. On day 21, blood glucose concentrations decreased significantly in rats treated with shea butter oil and 400mg/kg defatted seeds (P < 0.01) or protein fraction (P < 0.05) compared with rats receiving shea butter and distilled water (positive control). The blood glucose concentrations were not affected signifincantly in response to treatment with the crude seeds solution. The avreage body weight of rats receiving shea butter oil was higher compared with negative controls after five weeks of treatment. However, the administration Irvingia seeds fractions and shea butter oil, induiced a weight loss of 7.01%, 17.89% and 8.65% respectively with crude seeds, defatted seeds and the protein fraction. There was no significant difference in daily food intake between groups.
Discussion
Diets high in fat, especially saturated fatty acid induced body weight gain, glucose tolerance and increased the risk of type 2 diabetes (Feskens et al. 1995; Marshall et al. 1994 ; Uusitupa et al. 1994) . In this study we observed a significant increase in body weight and blood glucose after administration of shea butter oil. When Irvingia gabonensis seed fractions and shea butter oil were administered simultaneously, a reduction in body weight was observed. A high fiber diet has been shown to be effective in controlling diabetes and may control blood glucose levels as well as oral diabetes drugs (Astrup et al. 2000) . The values are mean ± s.e.m (standard error of mean); The values given in parentheses represent the percentage reduction in blood glucose compared with the control. Number of rats per group = 8 * P < 0.05; ** P < 0.02; *** P < 0.01; **** P < 0.0001 compared with the positive control (glucose) The values are mean ± s.e.m (standard error of mean) for 6 rats The values given in parentheses represent the percentage reduction of body weight or blood glucose after 21 days of treatment. * P < 0.05; ** P < 0.01; compared with the initial blood glucose level or body weight of the rats (day-0) in the respective groups.
+ P < 0.0001; compared with the negative control.
Adequate amounts of dietary fiber are believed to be important for people wishing to lose weight. Results obtained in this study showed that Irvingia gabonensis seed fractions reduced the postprandial glucose load with the maximum effect observed with the defatted seeds material. The defatted seed material which has more dietary fiber and protein than the crude seeds may delay stomach emptying, leading to a more gradual absorption of dietary sugar and this can reduce the elevation of blood glucose. In addition, fiber adds bulk to the diet and tends to reduce food intake, energy intake and body weight in long-term (Burton-Freeman, 2000) . A reduction of blood glucose levels has been reported with other's solubles fibres, such as psyllium (Rodríguez-Morán et al. 1998), guar gum (Landin et al. 1992 ), pectin (Schwartz et al. 1988 ), oat bran (Hallfrisch et al. 1995) , and glucomannan (Doi et al. 1978; Vuksan et al. 2000) , fenugreek seeds (Sharma et al. 1990 ).
Body weight and blood glucose were also reduced with the non-purified protein fraction. Like other's plant proteins, Irvingia proteins may have anti amylase activity. Amylase inhibitors are also known as starch blockers because they contain substances that prevent dietary starch from being digested by pancreatic amylase. Starches are complex carbohydrates that cannot be absorbed unless they are first broken down by the digestive enzyme amylase and other, secondary, enzymes (Marshall and Lauda, 1975; Choudhury et al. 1996) . Layer et al. (1985) , Boivin et al. (1987) , and Brugge and Rosenfeld. (1987) suggested that plant protein extract from Phaseolus vulgaris has been found to prevent the absorption of carbohydrate. Animal and human studies have suggested that when soy is used as a source of dietary protein, it may have several biological effects on the body that might help with weight loss (Bhathena and Velasquez, 2002) . In a preliminary study, Allison et al. (2003) found that people trying to lose weight using a meal-replacement formula containing soy protein lost more weight than a group not using any formula. On the other hand, the stimulation of insulin secretion may be another possible action site for Irvingia gabonensis proteins. In this study we observed the lowest variation of the post prandial load with the protein fraction. These findings are in agreement with previous studies with soy protein (Forsythe, 1988) .
